Accumulating evidence has shown that dysregulation of is closely associated with tumorigenesis and progression in a wide range of cancers. This study aimed to explore the potential role of miR-191 in esophageal squamous cell carcinoma (ESCC). Materials and Methods: miR-191 expression was assessed in 93 ESCC tissue specimens by real-time polymerase chain reaction, and survival analysis was performed via Kaplan-Meier and Cox regression analyses. 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide, plate colony-forming, BrdU, and Transwell assays were conducted to observe the effect of miR-191 on ESCC proliferation and invasion. Luciferase reporter and western blot assays were taken to identify target genes of miR-191. neoplasms worldwide and ranks as the sixth-leading cause of cancer-related death.
INTRODUCTION
Esophageal cancer (EC) is one of the most frequent malignant morigenesis in many cancers including ESCC. 6 Many studies reported that microRNA-191 (miR-191) can act as a multifunctional miRNA, with important roles in diabetes-type 2, Crohn's, pulmonary hypertension, Alzheimer's, and neoplastic diseases. [7] [8] [9] [10] [11] It has been reported that miR-191 expression is dysregulated in several cancers and correlated with malignant clinical features and tumor prognosis. [12] [13] [14] [15] [16] [17] On the one hand, miR-191 is overexpressed in several cancers, including breast cancer, colon cancer, and lung cancer, and plays an oncogenic role. [12] [13] [14] 18 On the other hand, miR-191 has been found to be down-regulated in several other cancer types, including retinoblastoma, thyroid follicular tumor, and melanoma, suggesting its tumor suppressive role. [15] [16] [17] However, its clinical significance in human ESCC remains unclear.
The aims of the present study were to evaluate the relationships between miR-191 expression level and the clinicopathological characteristics and outcomes of ESCC patients and to explore the functional role of miR-191 in ESCC cell lines. We found that miR-191 overexpression independently affects prognosis in ESCC. miR-191 promotes ESCC cell proliferation and invasion in vitro by directly targeting early growth response 1 (EGR1).
MATERIALS AND METHODS

Patients and specimens
Specimens of 93 ESCCs and 58 adjacent normal tissues were obtained from 93 patients who underwent surgical treatment of ESCC at Affiliated Hospital of Guangdong Medical University between January 2010 and December 2013. All the patients were diagnosed by pathological examination, and none of the patients had received preoperative chemotherapy or radiotherapy. Patient data, including kinds of clinicopathological features, was collected, and follow-up information after surgery was acquired by telephone interview. The study protocol was approved by the Ethics Committee of Guangdong Medical University, and all the patients provided written informed consent (Approval no. GMU2009035).
RNA isolation and quantitative real-time polymerase chain reaction (RT-PCR)
Total RNA from all tissues and cells were isolated using Trizol reagent (Invitrogen, Carlsbad, NM, USA). RT-PCR was carried out applying SYBR Premix Ex Taq II (TaKaRa, Dalian, China) and detected in a LightCycler 480 system (Roche, Basel, Switzerland) according the manufacturers' instructions. All miR-NA primers were obtained from RiBoBio Co. (Guangzhou, China). EGR1 primer (TaKaRa) is shown in Supplementary Table 1 (only online). U6 or glyceraldehyde-3-phosphate dehydrogenase was used as an internal control, and the fold change was calculated by 2 -ΔΔCt .
Cell lines and transfection
ESCC cell lines EC9706 and TE-1 were purchased from the Chinese Academy of Medical Science (Beijing, China) and maintained in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin at 37°C in a humidified incubator with 5% CO2. miR-191 mimic, mimic control, miR-191 inhibitor, and inhibitor control were purchased from RiBoBio. EGR1 siRNA was obtained from Santa Cruz Biotechnology Inc. (sc-29303; Santa Cruz, Dallas, TX, USA). Cell transfection was performed applying Lipofectamine 2000 (Invitrogen).
MTT cell proliferation assay
Cell proliferation was measured by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay. Briefly, the cells (1×10 3 cells/well) were seeded into each well of seven 96 well plates. At a different time point after transfection, 20 μL of MTT (5 mg/mL, Sigma, MO, USA) was added. Then, the reaction density was read at 490 nm on a Varioskan Flash Multimode Reader (Thermo Fisher, Waltham, MA, USA).
Plate colony-forming assay
Log phase cells were trypsinized into single cell suspensions and plated in 10-cm plates at indicated cell numbers. The colonies were stained with Giemsa, and the total number of colonies was counted.
BrdU assay
The BrdU assay was performed using a BrdU Cell Proliferation Chemiluminescent Assay Kit (Cell Signaling Technology Inc., Denver, CO, USA) according to the manufacturer's instructions.
Transwell assay
Migration and invasion was detected by Transwell assay. Briefly, 1×10
5 transfected cells were seeded in FBS-free media into the upper chamber of each transwell, which was pre-coated with Matrigel. Medium with 20% FBS was placed in the lower chamber. 24 hours later, non-invasive cells in the upper chamber were removed with a cotton swab, while the cells on the lower surface were fixed and stained with 0.1% crystal violet and photographed. Pictures of three random fields from triplicate wells were recorded, and the number of cells was counted. For the migration assays, all procedures were the same as in invasion assays, except each chamber without Matrigel coating. was measured by the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA).
Luciferase reporter assays
Western blot
Whole-cell lysates were obtained using RIPA buffer (NobleRyder, Beijing, China) according to the manufacturer's instructions. Western blot analysis was conducted as shown previously. 19 The primary antibodies used were anti-EGR1 (Abcam, Cambridge, UK) and β-actin (Sigma).
Statistical analysis
All statistical analyses were conducted using SPSS software (version 21.0, IBM Corp., Armonk, NY, USA). χ 2 test was used to analyze relationships between miR-191 expression levels and clinicopathological factors. Overall survival curves were analyzed with the Kaplan-Meier method and compared through the log-rank test. On the basis of Cox proportional hazards model, univariate and multivariable survival analyses were conducted. p<0.05 was regarded as statistically significant.
RESULTS miR-191 is markedly up-regulated in ESCC tissues and correlated with malignant clinicopathological features
To classify the clinical significance of miR-191 in ESCC, we investigated its expression in 93 cases of ESCC tissues with RT-PCR. The expression level of miR-191 was much higher in ESCC tissues, compared with adjacent normal samples (Fig.  1A ). In addition, miR-191 expression in Stage I-II were lower than that in Stage III-IV (Fig. 1B) . Next, we investigated the relationships between miR-191 expression and clinicopathological factors of ESCC patients. According to the mean level of miR-191 expression, ESCC patients were divided into two groups, with 41 in the low-expression group and 52 in the highexpression group. As shown in Table 1 , miR-191 expression was significantly correlated with ESCC differentiation, depth of invasion, TNM stage, lymph node metastasis, and distant 
miR-191 is an independent predictor of ESCC prognosis
In order to explore the prognostic value of miR-191 in ESCC, Kaplan-Meier analysis and log-rank test were performed to observe relationships with overall survival. Kaplan-Meier survival curves indicated that higher miR-191 expression brought a shorter survival (p<0.001) ( Fig. 2A) Table 2) . Furthermore, the difference of overall survival between the two groups seemed to be more distinct in Stage III-IV than Stage I-II ( Fig.  2B and C) . The factors found to be statistically important in univariate analysis, including depth of invasion, TNM stage, differentiation, lymph node metastasis, distant metastasis, and miR-191 expression, were selected to perform multivariate analysis. Therein, distant metastasis and miR-191 expression were independent prognostic factors for ESCC (Table 2) . Taken together, these findings suggested that miR-191 expression is an independent and significant predictor of ESCC prognosis. Fig. 3A and B) . MTT assays showed that up-regulation of miR-191 significantly increased EC9706 and TE-1 cell proliferation, while down-regulation of miR-191 decreased cell growth ( Fig.  3C and D) . A significantly reduced number of cell colonies were observed in plates where EC9706 or TE-1 cells with downregulation of miR-191 were seeded, and ESCC cells with miR-191 mimic transfection exhibited stronger capacity to form colonies ( Fig. 3E and F) . As DNA replication is a key step during cell mitosis, we also used BrdU to evaluate cell proliferation. 
miR-191 promotes ESCC cell proliferation and invasion in vitro
TE-1
By doing so, we noted that ectopic miR-191 increased BrdU intensity, while miR-191 suppression decreased BrdU intensity in ESCC cells (Fig. 3G) . Next, the function of miR-191 in ESCC cell migration and invasion was observed. We found that upregulation of miR-191 in EC9706 and TE-1 cells significantly promoted the migration of cells in Transwell assays without Matrigel and increased the invasion in Transwell assays with Matrigel (Fig. 3H) . In contrast, down-regulation of miR-191 reduced ESCC cell migration and invasion (Fig. 3I) . Collectively, these observations suggested that miR-191 acts as an oncogene in ESCC progression. (Fig. 4B ). In addition, both RT-PCR and western blot assays showed that overexpression of miR-191 reduced EGR1 expression in EC9706 cells, while downregulation of miR-191 increased EGR1 expression ( Fig. 4C and  D) . Taken together, these results indicated that miR-191 might suppress EGRI expression by directly targeting its 3'UTR to enhance ESCC progression.
miR-191 regulates EGR1 expression by directly targeting its 3'UTR
Down-regulation of EGR1 expression promotes ESCC cell growth and invasion
In order to confirm whether miR-191 promotes ESCC progression via EGR1, we next examined the exact function of EGR1 during ESCC cell proliferation and invasion. EGR1 siRNA was transfected into EC9706 cells, and western blot assay confirmed that it could significantly reduce EGR1 expression (Fig.  5A) . All of the MTT, plate clone formation, and BrdU assays indicated that down-regulation of EGR1 accelerated EC9706 cell proliferation and growth (Fig. 5B, C, and D) . Moreover, Transwell assay showed that EGR1 knockdown increased cell migration and invasion in vitro (Fig. 5E ). Collectively, these 
DISCUSSION
Accumulating evidence has shown that miRNAs can act either as oncogenes or as tumor suppressors in ESCC and that measurement of miRNA expression in malignancies may have diagnostic and prognostic implications. 20 Their very small size, in principle, makes them less prone to degradation processes, unlike messenger RNAs, which were previously proposed as molecular markers. The dysregulated expression of several miRNAs, including miR-21, miR-126, miR-138, miR-183, miR200b, miR-375, and miR-508, has been associated with ESCC in recent literature. [20] [21] [22] [23] [24] [25] [26] [27] However, there is still a dearth of molecular biomarkers suitable for clinical application in this disease.
MiR-191, together with miR-425, belongs to the miR-191/425 cluster, which is highly conserved in several metazoan species (miR-425 in 26 species, miR-191 in 30 species), suggesting it to be an important player in higher eukaryotes. 7 The aberrant expression of miR-191 has been observed in more than 20 different cancers. However, it remains controversial as to whether miR-191 acts as an oncogene or tumor suppressor in carcinogenesis. MiR-191 functions as an oncomiRNA in hepatocellular carcinoma, and its up-regulation enhanced cell growth and reduced apoptosis. 28 It was also reported that miR-191 acts as an estrogen inducible oncogene and promotes breast cancer cell proliferation and invasion via targeting special AT-rich sequence-binding protein 1 (SATB1). 12 Zhang, et al. 13 showed that miR-191 promotes colorectal cancer carcinogenesis via targeting CCAAT/enhancer-binding protein β (C/EBPβ) and adjusting related signaling pathways. On the contrary, Di Leva, et al. 29 showed that the overexpression of miR-191 suppresses cell growth and blocks carcinogenesis in aggressive breast cancer cells. Furthermore, miR-191 decreases cell proliferation and invasion by binding 3'UTR of CDK6 in thyroid cancer. 16 However, to our knowledge, the clinical significance of miR-191 in human ESCC remains unclear.
Herein, we revealed that miR-191 was frequently overexpressed in ESCC tissues and significantly related to advanced clinical stage, metastasis, and poor survival rate of ESCC. Moreover, multivariate Cox regression analysis indicated that upregulation of miR-191 was an independent prognostic factor for poor survival of patients with ESCC. Previous studies have demonstrated that measurement of miR-191 expression level may represent as a novel approach of diagnosis and prognosis in cancers. 20 It was reported that miR-191 expression is a novel independent prognostic factor of patients with colorectal cancer. 30 Peng, et al. 18 revealed the oncogenic role of miR-191 in gastric carcinogenesis and indicated the potential use of serum miR-191 as a novel and stable biomarker for diagnosis. The present study further confirmed that miR-191 could be a novel potential prognosis biomarker in ESCC.
In the present study, we also showed that miR-191 could increase cell proliferation and invasion, implying that miR-191 is an oncomiRNA in ESCC. Further mechanism investigation demonstrated that miR-191 might reduce EGR1 expression by binding its 3'UTR, to be involved in ESCC progression. As a transcription factor, EGR1 is involved in tumorigenesis and development of many cancers, and plays a tumor suppressive role. [31] [32] [33] [34] [35] It was demonstrated that decreased EGR1 expression is an important predictor of poor over survival in non-small cell lung cancer. 31 Clinically, loss of EGR1 results in enhancive tumor transformation, followed by patient morbidity and mortality. [31] [32] [33] Moreover, EGR1 is down-regulated in ESCC tissues and plays a significant role in ESCC prognosis. 34 Dong, et al. 35 reported that EGR1 regulates cisplatin-induced apoptosis in ESCC and activates apoptosis related pathways. On the basis of these findings, this study further confirmed that EGR1 downregulation promotes ESCC cell growth and invasion, providing new insight of EGR1 function in ESCC development and progression. Several limitations need to be addressed in our study. Firstly, the clinical sample size for evaluating prognostic value of miR-191 was slightly inadequate. Secondly, due to the limited information about disease-free survival, we were unable to classify the role of miR-191 in disease-free survival prediction. Thirdly, all available function studies of miR-191 and EGR1 were conducted in vitro, and further in vivo research remains to be studied.
In summary, overexpression of miR-191 predicted poor prognosis in patients with ESCC and miR-191 promoted ESCC cell proliferation and invasion by targeting EGR1. The results from this study suggest that miR-191 may be an important molecular marker for the prognosis of ESCC. However, more rigorous clinical and basic studies are needed to confirm the present results.
